We introduce a complete Bell measurement on atomic qubits based on two photon interactions with optical cavities and discrimination of coherent states of light. The dynamical system is described by the Dicke model for two three-level atoms interacting in two-photon resonance with a single-mode of the radiation field, which is known to effectively generate a non-linear two-photon interaction between the field and two states of each atom. For initial coherent states with large mean photon number, the field state is well represented by two coherent states at half revival time. For certain product states of the atoms, we prove the coherent generation of GHZ states with two atomic qubits and two orthogonal Schrödinger cat states as a third qubit. For arbitrary atomic states, we show that discriminating the two states of the field corresponds to different operations in the Bell basis of the atoms. By repeating this process with a second cavity with a dephased coherent state, we demonstrate the implementation of a complete Bell measurement. Experimental feasibility of our protocols is discussed for cavity-QED, circuit-QED and trapped ions setups.
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I. INTRODUCTION
Bell measurements are crucial to implement quantum information protocols such as quantum teleportation, superdense coding, and entanglement swapping [1, 2] . These protocols play a key role in the nodes of a quantum repeater and to establish long-distance communication in a quantum network [3, 4] . In a complete Bell measurement a two-qubit system is probabilistically projected onto one of the four Bell states. For photonic qubits, it is possible to identify two of the four Bell states, i.e. a 50%-efficient Bell measurement, using interference effects with linear optics [5] [6] [7] . The capability to surpass this limit relies either on more resourceful techniques [8, 9] or on higher order optical interactions [10] that report low efficiency in the experiment [11] . In the case of atomic qubits, most experimental realizations of quantum teleportation consider the implementation of a complete Bell measurement through entangling gates, such as a controlled-NOT or controlled-phase gate, that together with single qubit gates can map Bell sates onto product states in the computational basis [12] [13] [14] . A problem with this approach, however, is that high fidelity two-qubit gates are still experimentally difficult to achieve [15] [16] [17] .
Motivated by the hybrid quantum repeater [3] that employs material qubits and multiphoton coherent signals, a recently proposed alternative is to explore atom-photon interaction models that directly generate Bell states of the atoms correlated with states of the field. Using this approach, it was shown that unambiguous Bell state projections can be implemented within the framework of the two-atom Tavis-Cummings model [18] [19] [20] . There, the state of the atoms is postselected by projecting the states of the field onto nearly orthogonal coherent states. The great benefit is that the atomic states are not directly measured and their projection occurs as postselection of the measured field. An imperfect efficiency relies on the fact that initial coherent states of the field in the Tavis-Cummings model do not evolve coherently during the interaction [18, 21] . This is clearly manifested in the non-perfect revivals of Rabi oscillations of atomic observables, similar to the well known collapse and revival phenomena in the Jaynes-Cummings model [22] . The natural question that arises is whether an atom-field model presenting perfect revivals of Rabi oscillations could better assist in the postselection of atomic Bell states. The answer to this question turns out to be positive as we shall demonstrate.
In this paper we propose a complete atomic Bell measurement based on the two-photon two-atom Dicke model in the rotating wave approximation [23] that presents nearly perfect revivals of Rabi oscillations. Similar to previous work [18, 19] , the states of the qubits are encoded in a pair of two-level atoms that interact resonantly and sequentially with the field inside two optical cavities and the atomic state is postselected by measuring the optical field. The considered two-photon atom-field interaction model was first introduced as a generalization of the Jaynes-Cummings model [24] [25] [26] , and later extended for multiatomic systems [23, 27] . It has been proposed theoretically, but its experimental feasibility has been analyzed in well controllable quantum optical systems [28] . Although we focus on a cavity QED implementation, two-photon or two-phonon interactions have also been studied and proposed in circuit QED and trapped ions [29, 30] , thus making our proposal attractive to other architectures involving matter-field interaction.
The paper is organized as follows. In Sec. II, we review the effective two-photon Dicke model as a limiting case of a general Dicke Hamiltonian of two three-level atoms and discuss the regime of validity in terms of the parameters of the system. In Sec. III, an approximate exact solution of the effective model in terms of coherent states of the field is presented and its validity is verified by comparing the fidelity with respect to exact numerical calculations. Collapse and revival of Rabi oscillations is studied in Sec. IV. The generation of tripartite entangled states is discussed in Sec. V. In Sec. VI the quantum protocol for a Bell-measurement is described in detail and numerically verified. We discuss possible experimental implementations in Sec. VII and our conclusions are given in Sec. VIII.
II. THE TWO-PHOTON MODEL
In this section we briefly review the Dicke model in the rotating wave approximation at two-photon resonance with two identical three-level atoms (A and B) that interact with one mode of the quantized electromagnetic field inside an optical cavity. The field couples an intermediate level |i with the ground |g and the excited state |e as depicted in Fig. 1 . The frequency difference between ground and excited state is assumed to be tuned at twice the frequency of the cavity mode. Choosing units in which = 1, the Hamiltonian describing the dynamics of the system can be written as
The first term in the Hamiltonian describes the energy of the optical field and is written in terms of the bosonic annihilation and creation operators a and a † . The second and third term represent the atomic energy of the excited and intermediate states, respectively. They are expressed trough the atomic collective operators
The last term in Eq. (1), V, describes the atom-field interaction which is assumed to fulfill the rotating-wave approximation (RWA) and therefore can be written as
where g e and g e are the corresponding atom-field coupling strengths.
The detuning ∆ between the frequency of the intermediate state and the frequency of the mode is assumed to be large compared with both coupling strengths that we consider of the same order of magnitude, namely ∆ g g ∼ g e . In this particular situation, it can be shown that the intermediate level can be approximately decoupled from the dynamics. To show this, we follow the method introduced in [23] and perform a small rotation of the Hamiltonian with the transformation
Using the Baker-Campbell-Hausdorff (BCH) expansion and neglecting terms of the order g e (g e a † a /∆) 2 , one can obtain the following effective Hamiltonian
which includes a two-photon interaction term
Furthermore, the expansion also produces a Stark-shift contribution of the form One can verify that the first term in Eq. (7) is a constant of motion that is given by
In principle, I should also contain the term S ii , however one can safely omit it if the intermediate state is not initially populated. The effective Hamiltonian in (5) can be verified with the commutation relations [G,
. Taking into account the order of the neglected terms, one can accurately describe the dynamics of the system using the effective Hamiltonian subjected to the following restriction in time
In order to further simplify the interaction, one can find conditions for which the photon-dependent Stark-shift term, second in Eq. (7), does not contribute to the dynamics. This part can be neglected if it is smaller than the omitted expressions in the truncated BCH expansion leading to the effective Hamiltonian in Eq. (5), which reduces to the condition |g 2 e −g 2 g | < g 3 e /∆ quantifying the closenesses between g g and g e . With this in mind, the photon-independent Stark-shift, third in (7), is of the order of g, which can be neglected for large photon numbers compared with the order of W given by g a † a . Under these assumptions, one can reduce the Hamiltonian in Eq. (1) simply to
As this Hamiltonian effectively describes the dynamics of the two atoms restricted to levels |g and |e , in what follows we will solve the Schödinger equation for this Hamiltonian in the interaction picture with respect to the constant of motion (ω + 2g)I exploiting the fact that it commutes with the twophoton interaction, i.e., [I, W] = 0. We stress that under the aforementioned assumptions the dynamics of the system is well described by the two-photon interaction term W in Eq. (6).
III. SOLUTION OF THE DYNAMICAL EQUATION FOR LARGE PHOTON NUMBER
In this section we derive an approximate analytical solution for the time-dependent state vector in the limit of large mean photon numbers. To this end, we consider initial states of the form |Ψ = |ψ |α , where |ψ is an arbitrary state of two two-level atoms, and where we have considered the photonic coherent state
In this situation, the mean photon number is given byn = a † a = |α| 2 1 and is assumed to be large. In order to find the time-dependent state vector we choose to solve the eigenvalue problem for W using the photon number states |n , the atomic basis |gg , |ee , and the Bell states
In this basis an arbitrary initial state of the atoms takes the form
where the probability amplitudes fulfill the normalization condition and with the convention |ge = |g A |e B . It can be verified by inspection that the set of states {|Ψ − |n } ∞ n=0 are eigenvectors of W with eigenvalue 0. The rest of the eigensystem can be evaluated by diagonalizing 3 × 3 matrices which in the tripartite basis {|gg |n , |Ψ + |n − 2 , |ee |n − 4 }, can be written as
Although it is possible to diagonalize these matrices in an exact form, the condition of high mean photon number |α| 2 1 will allow us to find compact expressions that are good approximations to the exact results. For instance, the exact nonzero eigenvalues are w ± n = ±g (2n − 3) 2 + 3, but they can be approximated for large values of n bỹ
In this limit, one can find that the orthogonal transformation which diagonalizes each block W n takes the simple form
The evolution operator can also be expressed in terms of matrices of size 3 × 3, which can be evaluated using the transformation that diagonalizes the blocks W n of W, namelỹ
where diag(v) represents a diagonal matrix with the elements of v as non-zero entries. With these approximations, the evolution operator has a remarkable simple form and is given byŨ
Therefore, the time evolution of any initial state can be written as
where a 0 = c e p 0 and a 1 = c e p 1 are the probability amplitudes of stationary states that are decoupled from the dynamics. The rest of the coefficients can be evaluated with the aid of the evolution operator and are given by a n,t =
In the previous expressions we have introduced for notational convenience the coefficients
which are the initial probability amplitudes of the maximally entangled states of the two atoms
In order to find a simple expression for the state vector, we use the following approximated relation for the photonic probability amplitudes
With this result one can carry out the summation in Eq. (18) in order the arrive to an approximation of the state vector in terms of coherent states and maximally entangled atomic states, namely
|α + (23) A similar expression to this formula was found in [19] for the two-atom Tavis-Cummings model involving more complicated field states that followed the dynamics of a coherent state, but distorting its shape in time. In contrast, the solution in (23) is written in terms of coherent states as a consequence of the linear behavior of the eigenfrequencies of the system for large photon numbers. The full exact solution for the two-photon model was previously reported in Ref. [31] together with a semiclassical approximation in agreement with our findings. There, however, the form in terms of orthogonal Bell states and coherent states was not identified nor its potential application was stressed. In order to test the validity of our approximation, we have plotted in Fig. 2 a) the fidelity F W = | Ψ exact (t)|Ψ W (t) | 2 of the exact numerical solution evaluated with the full Hamiltonian in Eq. (1) with respect to the exact numerical state vector computed with the two-photon Hamiltonian in (10) for different values of the average photon numbern. As a comparison we show in Fig. 2 b) the fidelity F = | Ψ exact (t)|Ψ(t) | 2 with respect to the approximate state vector in terms of coherent states of Eq. (23) . In favor of generality, and for both fidelities, we have performed an ensemble average with 10 3 random initial pure states taken from the uniform distribution of SU(4). The phase φ of the coherent state was randomly obtained from a uniform distribution in the interval [0, 2π). It can be noted, that the agreement between dynamics is remarkably good for increasing value of the mean photon number in both situations. Having checked its validity, the solution in Eq. (23) will be the starting point of our subsequent analysis.
IV. COLLAPSE AND REVIVAL OF RABI OSCILLATIONS
A clear manifestation of the coherent shape of the components of the field state is the perfect revivals of the Rabi oscillations of observables such as the mean value of the operator S ee , which can be interpreted as number the atoms in their corresponding excited state. This can be evaluated analytically, for instance for the initial state |ee |α , using our expression (23) as
where we have employed the overlap between the relevant coherent states α|αe ±i2gt = e −|α | 2 (1−e ±i2gt ) which has a Gaussian envelope (1 + e −2|α | 2 g 2 t 2 )/2 for values of time close to zero and in general to gt = πl, with l ∈ N. In Fig. 3 we have plotted the numerical exact calculation of S ee . As in the case of the standard Jaynes-Cummings interaction, collapses and revivals in this atomic observable are present in the dynamics of the two-photon model (apart from an alternating sign). However, they show a different behavior as they appear in a more compact and regular form, showing almost the complete returning to the initial photonic state in the case of large fields [32] . In the two-photon two-atom model, the time at which revivals appear is independent ofn and is given by
In order to attain t r with the model of Sec. II, the restriction in time of Eq. (9) results in the following condition for the parameters of the model: g en π ∆. The collapse and revival of Rabi oscillations can also be studied in phase space. This gives a relevant pictorial description of the time-evolution of the field state, whose form will corroborate our approximation in terms of coherent states. We choose to visualize the behavior in terms of the Wigner function [33] , a quasi-probability distribution defined as
with β and ζ being complex numbers and the reduced density operator of the field obtained after tracing out the atomic degrees of freedom, i.e., ρ f (t) = Tr A, B |Ψ(t) Ψ(t)|. In Fig. 4 we present the Wigner function of the photonic state for three different values of the interaction time, namely t = 0, t = t r /4 and t = t r /2. From this representation one can extract relevant dynamical information of the full system. The initial state for FIG. 3 . Rabi oscillations generated by the effective Hamiltonian (10) as a function of the scaled time gt/π for the initial state |ee |α with |α| 2 = 50. An approximate analytical expression for these oscillations is given in Eq. (24) . Fig. 4 a) corresponds to a coherent state and is represented by a Gaussian distribution in the complex plane. For nonzero values of the interaction time, the field evolves as correlated coherent states, without deforming its circular shape, showing no squeezing during the evolution. The correlated feature is manifested by the interference fringes between the maxima at t r /4 in Fig. 4 b) that disappear at t r /2 in Fig. 4 c) . From Eq. (23), one can evaluate the state vector at half the revival time
Tracing over the atomic degrees of freedom, one finds that the field state corresponds to the mixed state
This incoherent superposition explains the absence of interference fringes between the two-dimensional Gaussian functions representing opposed coherent states in phase space in Fig. 4 c) . The complete state of the system at t r /2, half revival time, given in Eq. (27) will play a key role in what follows. In the next section we will show that multipartite quantum correlations can be generated during the time evolution leading to the formation of tripartite entangled states.
V. GENERATION OF GHZ STATES
An immediate application is the possibility to generate maximally entangled three-qubit states using the intrinsic dynamics of the two-photon model. Based on our solution in terms of Bell and coherent states at half revival time in Eq. (27) and setting the coefficients c − = d + 2φ = 0, and c + =
, the state vector evaluated at t r /2 takes the following form:
FIG. 4. Wigner function of the optical field for interactions times a) t r = 0, b) t r = 1/4, c) t r = 1/2. At t r = 1/2 (last snapshot) one can recognize the shape of an incoherent superposition of two coherent states. Parameters are the same as in Fig. 3 .
Looking at the probability amplitudes, the initial state might appear somehow complicated or even entangled, but it is actually an initial tripartite product state with the field in the coherent state |α and each atom in the state
It is therefore a remarkable result that the simple unitary evolution generates a maximally entangled tripartite state with a product state as an input. In order to show that this corresponds to a tripartite entangled state, it is useful to establish an isomorphism between coherent and qubit states for large values |α|. Consider the following even and odd Schrödinger cat states:
which are eigenstates of the parity operator Π = (−1) a † a with eigenvalues ±1 that fulfill the condition α, +|α, − ≈ 0 for |α| 1. Even and odd cat states can then be respectively interpreted as the excited and ground states of a two-level system [34] . In fact, one can easily check that the operators:
satisfy the same SU(2) algebra
If we set the phase φ = π/4, the state in Eq. (29) can be rewritten as
which can be immediately recognized as a Greenberger-HorneZeilinger (GHZ) state. It is well known that GHZ states contain one of the two types of tripartite entanglement, and they have been experimentally realized in a variety of physical systems, such as photons, trapped ions, and superconducting qubits [35] [36] [37] . These states are characterized by the fact that a measurement performed on the third qubit results in an unentangled qubit pair. However, a very interesting fact is that pairwise entanglement can be obtained by performing an appropriate measurement of the third qubit along some orthogonal direction. From Eq. (35) we can see this by projecting onto the coherent states | ± α , which automatically leaves the qubit pair in one of the entangled states |Φ ± . The corresponding fidelity F GH Z = | GHZ|Ψ exact (π/2g) | 2 between the generated GHZ state in Eq. (35) and the exact state vector calculated by numerical means is shown in Fig. 5 for increasing mean photon number. As we have shown, almost unit fidelity GHZ states can be efficiently engineered by the appropriate tuning of the initial conditions.
VI. BELL MEASUREMENT
In this section we present a scheme to implement a complete Bell measurement based on atomic postselection by letting the atoms interact with two separate cavities and then measuring the field state as depicted in Fig. 6 . We elucidate this by first considering the interaction with one cavity for an interaction time equal to half revival time for which the system is left in the state given by Eq. (27) . At this time, only two coherent states contribute to the photonic state and are correlated with two orthogonal components of the atomic state. As we are considering the limit of high excitation number, these two coherent states are nearly orthogonal as can be noted from their overlap α|−α = e −2|α | 2 , and therefore can be distinguished with an appropriate measurement scheme [18, 19, 39] . For our discussion, we assume that one is able to project the field onto the states |α or | − α . This photonic projections postselect the two-atom state and due to the form of the state in Eq. (27) correspond, respectively, to the following measurement operators
Therefore, projecting onto the photonic state | ± α corresponds to implementing the atomic measurement operator M ± φ , a rank-two projector and a flip operator, both given in the Bell basis. The appearance of this flip operator is due to the fact that in (27) the initial atomic probability amplitudes of the state in the second row are interchanged. For certain atomic probability amplitudes, the above projection postselect the atoms in an entangled state in a similar fashion as in [38] . FIG. 6 . Schematic visualization of the Bell measurement scheme. Two matter qubits initially described by an arbitrary state |ψ enter to a sequence of two independent electromagnetic cavities prepared in coherent states. Both qubits couple to each mode for a time t r /2. At the exit of the cavities, a measurement on the field state is performed by detectors D 1 and D 2 . As a final step, a single-qubit unitary U φ is applied on the first qubit resulting in the postselection of a Bell state.
With the previous result it is not possible to project the atomic states into four orthogonal states, as we have only encountered a rank-two projector and a flip operation in the space of two maximally entangled states. However, one can extend this result with the use of a second cavity, similar to [18, 19] . For this purpose, one has to let the atoms interact with the field prepared in a coherent state of the form |e iπ/4 α , i.e., dephased by π/4 from the first coherent state. This can be done, for instance, by letting the atoms interact with a second cavity as depicted in Fig. 6 . After an interaction time of t r /2, one would obtain a similar state to the one in Eq. (27) , but with rotated coherent states, i.e., φ replaced by φ+ π/4. In this case, projecting onto | ± e iπ/4 α would correspond to measuring the atoms with a measurement operator M ± φ+π/4
. Combining this with the previous procedure, one is able to measure the atoms according to the following measurement elements
where we have considered the following relations
Each measurement element M ±± corresponds to the simultaneous projection onto | ± α in the first cavity and onto | ± e iπ/4 α in the second cavity. It turns out that all M ±± form the set of measurement operators of a particular positive operator-valued measurement (POVM) [1] that is already good enough to distinguish the four Bell states. However, this does not correspond to a von Neumann measurement, as there are some states that are interchanged during the process. In order to convert this scheme into a von Neumann measurement of the four Bell states, i.e., a Bell measurement, one has to implement a procedure to flip some of the Bell states. Fortunately, this can be accomplished with the help of the following pair of single-atom unitary transformations σ φ = e iφ |e g| + e −iφ |g e|, σ z = |e e| − |g g|, (39) that transform the Bell states according to the following rules
Applying these single-qubit gates only to qubit-A in a selective way after the field measurement and according to each outcome, one is able to perform the following Bell-state projections
that are required in a complete Bell measurement. The implementation of the selective single-qubit gate is represented in Fig. 6 by the application of the operation U φ after the interaction with the two cavities. A summary of the protocol with the corresponding single-qubit gate on atom A is presented in table I. In order to test the protocol, we have carried out numerical simulations to evaluate the fidelity of the postselected atomic states with respect to the corresponding Bell state, i.e., F Bell = ψ Bell | ρ at |ψ Bell , where |ψ Bell stands for one of the four Bell states and ρ at is the reduced density matrix of the two atoms after implementation of the protocol in Fig. 6 . We have also performed an average over 10 3 initial atomic random pure states from a uniform SU(4) distribution in order to produce generic results for two-qubit systems. In Fig. 7 we plot the average fidelity of the numerically obtained Bell states as a function of the mean photon number. We can see that even for relatively small photon numbers, a complete Bell-measurement can be implemented following the proposed protocol. In this case, the only requirement for the mean photon number is to be sufficiently large. This contrasts with previous findings based on the Tavis-Cummings model for which the fidelity of two of the four Bell states is an oscillatory function of the mean photon number, making the protocol functional only for restricted values of the mean photon number [19] .
As the protocol is envisioned to work at half of the revival time, it is important to explore the sensitivity of the Bell measurement when the interaction time is closed but not exactly t r /2. In Fig. 8 we plot the average fidelity in a short time window close to half of the revival time for the four postselected Bell states. In this case we have set the mean photon number n = 50, for which we know almost perfect fidelity can be obtained. The results show almost unit fidelity for projecting onto the states |Ψ − and |Φ + 2φ . The first case can be understood in analogy to the Tavis-Cummings model for which one can show that the state |Ψ − remains invariant under time evolution [18] . Approximately regular oscillating behavior is found for the other two Bell states near the optimal time gt = π/2, with a similar effective frequency roughly given by g(n+1). In order to get an idea of a deviation allowed in the interaction time t r /2 ± , one can estimate that this possible error must satisfy the condition | | 1/2πg(n + 1) for the protocol to work with nearly optimal fidelity.
VII. DISCUSSION
We now comment on the possibilities of an experimental realization of the above mentioned protocol. In the cavity-QED scenario, experiments using optical conveyor belts to transport neutral laser-cooled cesium atoms into an optical resonator have been successfully performed [40, 41] . Adapted to our scheme, the idea would be to transport atoms using a standing wave dipole trap into a sequence of two single mode optical cavities. The effects of losses can be neglected, provided the experiment operates in the strong coupling regime, where the condition g γ, κ holds, i.e., the qubit-field coupling is much larger than the spontaneous decay rate γ of the atoms and the rate accounting for photon losses in the cavities κ. As in our model the revival time is independent of the mean photon number, at the optimal time these conditions are slightly modified to: g/γ π/2 and g/κ π/2, which can be met the actual decay rate requirements in cavity-QED experiments.
Similar cavity-based schemes involving coupled cavities and two-level atoms have been also proposed for different applications. For instance, coherence and entanglement protection in the presence of dissipation [42] . The physical realization of these systems seems to fit very well within the context of the circuit quantum electrodynamics architecture (circiut-QED) [43] [44] [45] , where transmon qubits can be efficiently coupled to coplanar waveguide cavities. High fidelity preparation of entangled input initial states for the protocol can be in principle engineered using a quantum bus trough a transmission line resonator as described in Ref. [46] , and the interaction time of the two-qubit system with the resonator mode can also be switched-off after the corresponding projective measurement of the optical mode, thus implementing all the steps of the algorithm in a single on-chip superconducting circuit.
It is worth commenting on the possible implementation in trapped-ion experiments, as they constitute one of the most successful platforms for quantum simulation and quantum information processing [47] . An interesting simulation based on trapped ions has been recently proposed for emulating the dynamics of the two-photon Rabi model in different coupling regimes [30] . As our protocol is supposed to work in the so called strong-coupling regime, where the qubit frequency is assumed to be very small compared with the qubit-field coupling, its implementation in this particular architecture seems to be feasible with current technology. In this context two identical ions with two internal electronic states are placed in a harmonic trap of a definite frequency. By driving the ions with a laser source at the second red side-band, an effective nonlinear two-phonon coupling can be generated [29, 30] . After the application of a vibrational RWA one can obtain the trapped-ion Hamiltonian in the interaction picture: H I = −Ωη 2 /2(S eg a 2 + S ge a † 2 ), which can be immediately recognized as our effective Hamiltonian model in Eq. (6) with an effective coupling given by g eff = −Ωη 2 /2, being Ω the Rabi frequency of the laser, and η the so-called Lamb-Dicke parameter. The Rabi frequency in trapped-ion experiments lies in the range of kHz and η ∼ 10 −2 , which leads to a coupling constant of g eff ∼ 10 2 Hz. Taking into account these values, it is possible to estimate the optimal time needed to perform the Bell measurement scheme in a trapped-ion setup from the relation g eff t/π = 1/2, which results in a simulation time of ∼ 10ms. Typical experiments involving, for instance, optical 40 Ca + ions have coherence times of ∼ 3ms [48, 49] . These times are still small if a Bell measurement based on the proposed protocol is to be performed. However, continuous dynamical decoupling schemes have been recently proposed in order to achieve long-time coherent dynamics by eliminating magnetic dephasing noise in ion-trap simulators [29] , making our proposal for Bell state discrimination more realistic and in reach of current technology.
VIII. CONCLUSIONS
We have presented a Bell measurement scheme on atomic qubits that interact with the electromagnetic field contained in two separate cavities via two-photon processes in a two-stage Ramsey-type setup. The protocol is based on the two-atom two-photon Dicke model in the limit of large photon number for initial coherent states of the field. Under such conditions, we have derived an approximate solution in terms of atomic Bell states and photonic coherent states, allowing the identification of an appropriate Bell-measurement protocol via coherent state discrimination in two separate cavities. In contrast with previous proposed protocols [18, 19] based on multiphoton states, the one presented here allows a complete discrimination of the four atomic Bell states, i.e. a 100%-efficient Bell measurement that we have numerically confirmed by computing the average fidelity over random initial states. The robustness of the protocol as a function of the interaction time has been tested and the corresponding condition for a possible error in terms of the mean photon number was estimated. By analyzing the time-dependent state of the full system, we have also demonstrated that tripartite entangled GHZ states can be naturally generated by the unitary dynamics of the two-photon model, a possibility that can be further exploited in other quantum information protocols. It is worth stressing that the complete projection onto the full Bell basis is possible as a consequence of the perfect discrimination of two separate components of the evolved field which in turn relies on the perfect revivals of Rabi oscillations in the two photon model.
